I. INTRODUCTION
Arginine-specific ADP-ribosyltransferase catalyzes transfer of the ADP-ribose moiety of NAD to acceptors, such as guanidino compounds and proteins, and forms mono-ADP-ribose-acceptor adduct [1] , which can be hydrolyzed by ADP-ribosylarginine hydrolase [2] . Both enzyme activities are present in different tissuesand cells [1, 2] . These data would suggest that ADPribosylation of proteins can be reversed and that the modification could play an important regulatory role in animal cells. Most of the ADP-ribosyltransferase activities were determined with exogenous acceptor protein for ADP-ribose and target proteins for the molecule remained to be examined. On the other hand, there are numerous reports on the ADP-ribosylation of eukaryotic proteins participating in signal transduction by bacterial toxins [2] . Well known examples of the reaction are the modification of stimulatory and inhibitory GTP binding proteins Gsa and Gia by cholera and pertussis toxins, respectively [3] . These toxins have been used to be valuable tools for studies on the function of G-proteins [4] . Studies of target proteins for the modification by vertebrate ADP-ribosyltransferase provide clues as to the physiological function of the enzyme . We identified and characterized three target proteins for ADP-ribosylation: Gsa in chicken spleen cell membranes, p33 in chicken peripheral polymorphonucl-. -pseudoeosinophilic cell (heterophil) granules, and Ca2+-ATPase in rabbit skeletal muscle . coplasmic reticulum (SR), each protein can be modified preferentially by endogenous ADP-ribosyltransferase in the respective organelle .
II. ADP-RIBOSYLATION OF Gsa CONCOMITANT WITH INCREASE IN ADENYLYL CYCLASE ACTIVITY IN CHIC
SPLEEN CELL M " S Incubation of chicken spleen cell memb . es with 0.1 mM [adenylate-32P]NAD in the presence of 0.1 mM GTP and subsequent analysis of the membranes with SDS-PAGE followed by autoradiography revealed the incorporation of 32P into a 45-kDa protein [5] . This incorporation was greatly diminished by adding arginine during the incubation . The radioactive compound released by glycine-NaOH treatment from the area corresponding to the 45-kDa protein on the gels was identified as ADP-ribose by reverse-phase HPLC . Treatment of the membrane with or without cholera toxin in the presence of GTP and labelled NAD showed that the major labelled band was the same and corresponded to the 45-kDa protein , except that the toxin enhanced modification of the 45 kDa protein. When the membranes were preincubated under conditions used for endogenous ADP-ribosylation except that unlabelled NAD was used , and then were i ncubated with cholera toxin and labelled NAD , labelling of the 45 kDa protein greatly diminished. D ensitometric scanning of the autoradiograph revealed increase in the Gsa modification by 0 .1, 1, 10
, and 100 iM GTP to be 1.4-, 1.8-, 1.9-, and 2.2-fold over the control value, respectively . Th ese results indicate that chicken spleen cell membranes contain the short form of Gsa and that the Gsa . be modified GTP-dependently by membrane-intrinsic ADP-ribosvltransferase .
The GTP-dependent ADP-ribosylation of Gsa in the membranes led to subsequent activation of adenylyl cyclase. As shown in Fig. 1A , basal adenylyl cyclase activity increased with increase in the preincubation time for ADP-ribosylation . In the presence of 1 mM novobiocin, a potent i nhibitor of arginine-specific ADP-ribosyltransferase [6] , during the preincubation, activation of adenylyl cyclase was completely blocked. The time course of endogenous ADP-ribosylation of Gsa increased with increase in the incubating time , while a complete block occurred with 1 novobiocin (Fig. 1B) .
Heretofore no direct evidence was reported for the endogenous ADP-ribosylation of Gsa . We d emonstrated evidence for endogenous GTP-dependent ADP-ribosylation of Gsa concomitant Among various chicken tissues and peripheral blood cells tested, peripheral heterophils showed the highest activity of ADP-ribosyltransferase [10] . In man and in other mammals such as the dog, these leukocytes possess neutral-staining granules (neutrophils) [11] . Percoll density gradient centrifugation of the postnuclear fraction of the heterophils showed the co-localization of ADP-ribosyltransferase and 33-kDa protein (p33), a major acceptor protein for ADP-ribose, in the granule fraction (Fig. 2) . The enzyme and p33 were purified from the postnuclear pellet fraction to apparent homogeneity, respectively [10] . The molecular mass of the heterophil enzyme was estimated by SDS-PAGE to be 27.5-10a. Kinetic properties of the heterophil enzyme were similar to these of chicken liver ADP-ribosyltransferase [12] . The ADP-ribosylation of p33 was enhanced more than 60-fold by polyanions such as dsDNA and tRNA. Polyanion required for the maximal ADP-ribosylation depended on the dose of the p33. These results indicate that polyanion interacts with p33 to form the complex, after which the complex serves as preferential substrate for the ADP-ribosyltransferase. SDS-PAGE analysis after limited trypsin proteolysis of p33s, purified from chicken heterophils and liver, showed much the same pattern [10] . Thus, it appears that ADP-ribosyltransferase and p33 present in chicken peripheral heterophils are identical to those in the liver [12, 13], respectively.
Heterophils were collected from peritoneal exudate induced in the chicken , permeabilized with saponin, and incubated with labelled NAD. A predominant incorporation of 32P into p33 was detected andthe radiolabelling compound was identified asADP-ribose [10] .Thus, chicken ADPribosyltransferase may be involved in the function of heterophils, through ADP-ribosylation of the granule protein p33. Definition of the biochemical activity of p33 is crucial to elucidate the physiological role of ADP-ribosylation in the heterophils.I n the avian species, the liver serves as a predominant extramedullary hematopoietic organ [14] . With hematoxylin-eosin staining, we confirmed histologically the presence of numerous h eterophils in interlobular connective tissue of chicken liver [15] . These results together with the data described above suggest that p33 and the enzyme originally found in the liver [12, 13] derive from heterophils in interlobular connective tissue of the chicken liver.
Fraction number Fig. 2 . Percoll density gradient centrifugation of the heterophil postnuclear fraction. Heterophil postnuclear fraction (2mg protein) was fractionated on Percoll gradients. After removal of Percoll from the pooled fraction by centrifugation, individual gradient fractions were subjected to the ADP-ribosylation system containing purified ADPribosyltransferase. and labelled NA]), followed by SDS-PAGE and autoradiography (A), and to assays for a P-ribosyl sferase (B) and for granule marker enzymes (C). Numbers above and below are related to the fractions on the Percoll gradient. V. SUBS, TE SPECIFICITY OF ADP-RIBOSYLANSFERA SES FROM DIFFERENT SOURCES ADP-ribosyltransferases from chicken spleen cell membranes, peripheral heterophil igranules and rabbit skeletal muscle SR showed the s. e reaction when poly(L-aiginine) was used as exogenous acceptor for ADP-ribose. However, substrate specificity ms to differ with regard to endogenous acceptor proteins which are expected to serve as ADP-ribose target in vivo . For example, heterophil enzyme ADP-ribosylates p33, preferentially, but does not modify Gsa , SR enzyme ADP-ribosylates neither Gsa nor p33 and spleen enzyme do not modify p33 . SUMMARY We investigated vertebrate arginine-specific ADP-ribosyltransferases and target proteins for the enzyme.
ADP-ribosyltransferase found in each organelle ADP-ribosylated preferentially an endogenous acceptor protein co-localized with the enzyme. We propose that the ADP-ribosylation of tissue-specific target protein by the endogenous ADP-ribosyltransferase may participate in the regulation of cellular processes, including signal transduction.
